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input and narrow-band-FM-modulated by a voltage con-
trolled oscillator 4 including the fundamental carrier
wave and higher-order harmonics as the output, and the
FM carrier wave component of the higher-order harmon-
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ics of the fundamental carrier wave is selectively taken
out by a band-rejection filter 5, shifted to the lower fre-
quency side by a frequency converter 7, converted into
an optical signal by an electric/optic converter 3 and
transmitted.
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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The present invention relates to an optical
transmission system used for optical communication,
CATV, optical measurement, mobile communication
and the like, and also relates to a voltage controlled os-
cillator used for the optical transmission system.

Description of the Related Art

[0002] In recent years, in video monitoring systems,
CATV, subscriber systems, mobile communication sys-
tems and the like, optical transmission of multi-channel
video and audio signals or data has gotten into practical
use by making full use of the low loss and wideband
characteristics of optical fibers. In these systems, multi-
channel signals are electrically multiplexed by a plurality
of subcarriers having different frequencies to obtain AM
signals, and the AM signals are converted into an optical
signal by directly modulating a semiconductor laser or
the like and transmitted via an optical fiber. The modem
for the video optical transmission of the AM signals is
simple in structure and low in cost; however, the receiver
requires high optical input power to obtain a C/N ratio
(carrier-to-noise ratio) for ensuring desired video quality.
In addition, in mobile communication, the intensity levels
of audio and data signals to be transmitted change sig-
nificantly depending on the movement of terminals;
therefore, a high dynamic range is required to cope with
the signal change. Furthermore, transmission is apt to
be adversely affected by distortion due to reflected
waves during optical conversion at the semiconductor
laser or in the middle of transmission via the optical fiber,
thereby causing a problem. Moreover, an amplifier hav-
ing excellent linearity is required for an AM signal am-
plifier.

[0003] A system has been proposed wherein AM sig-
nals multiplexed by subcarriers so as to enhance resist-
ance against distortion and noise are converted into an
FM signal as a whole and transmitted optically. The
modulation index is required to be increased to obtain
a desired C/N ratio in optical transmission. Accordingly,
a system has also been proposed wherein the frequen-
cy of a semiconductor laser is modulated directly to ob-
tain an FM signal having a high modulation index.
[0004] FIG. 6 is a view showing the configuration of a
conventional FM signal optical transmission system.
The AM/FM converter 62 of a transmitter 61 directly
modulates a semiconductor laser 41 by using multi-
channel AM video signals and outputs an optical fre-
quency-modulated signal. Optical amplitude modulation
and oscillation frequency modulation are carried out si-
multaneously by directly modulating the semiconductor
laser 41 by using AM signals 30. By a multiplexer 43,
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this optical signal is multiplexed with the light of a local
oscillation light source 42 having an oscillation frequen-
cy slightly different from that of the optical signal, input
to a photodiode 44, and optically heterodyne-detected,
thereby obtaining an FM-modulated signal having a
wideband (1 to 6 GH for example) as a beat signal for
the two lasers. An electric/optic converter 63 directly
modulates a transmission semiconductor laser 69 by
using a semiconductor laser drive amplifier 68 to convert
the FM-modulated signal into an optical signal, and the
optical signal is transmitted via an optical fiber 72 (Pat-
ent Publication No. 2700622 for example).

[0005] Hereafter, the optical signal is amplified by an
optical amplifier or the like, and transmitted to individual
receivers via optical branching devices. Only one re-
ceiver 73 is shown here. At the receiver 73, an optic/
electric converter 75 converts the optical signal into an
electric signal by using a photo-detector 76, amplifies
the electric signal by using a preamplifier 77, and then
an FM demodulator 74 demodulates the electric signal
into the original AM signals 31. This FM demodulator 74
is a delay-type demodulation circuit comprising high-
speed logic ICs 51 and 53 (AND gates for example), a
delay device 52 and a low-pass filter 54 via a limiter am-
plifier 50, and is capable of carrying out wideband de-
modulation.

[0006] However, in the above-mentioned system,
when AM signals are converted into an FM signal, the
phase noise of the semiconductor laser is added to the
FM signal, thereby lowering the C/N ratio. Therefore,
even if the intensity of optical reception is raised, it is
impossible to improve the sensitivity so as to have a con-
stant C/N ratio value or more. To obtain a desired C/N
ratio, a semiconductor laser is required to have an about
one-tenth line width of that of a conventional semicon-
ductor laser, and a semiconductor laser having an ex-
ternal oscillator structure or the like has been used.
However, the semiconductor itself is expensive, and a
plurality of semiconductors must be used. In order to
carry out optical heterodyne detection with low noise,
the temperature and drive current of the semiconductor
laser must be controlled and stabilized highly accurate-
ly, whereby the configuration becomes complicated and
the whole system becomes high in cost. In addition, this
causes a problem of taking a longer time until the whole
system operates stably after power on.

[0007] Furthermore, it is considered that AM signals
are converted directly into an electrical FM signal; how-
ever, if the modulation index at the FM demodulator is
increased (the degree of modulation =10%), distortion
occurs at the FM modulator, and this distortion deterio-
rates the quality of the signal, whereby it is impossible
to carry out satisfactory optical transmission.

[0008] Moreover, the demodulator also uses a plural-
ity of expensive high-speed logic ICs; therefore, this
causes a problem in practical utility when it is assumed
to be used for subscriber systems.
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SUMMARY OF THE INVENTION

[0009] In consideration of these problems in the con-
ventional FM signal optical transmission system, the
present invention is intended to provide an FM signal
optical transmission system and an FM signal optical
transmitter having a simple configuration, low distortion
and excellent reception sensitivity, and also to provide
a voltage controlled oscillator at low cost in order to at-
tain the FM signal optical transmission system and the
FM signal optical transmitter.
[0010] The 1stinvention of the present invention (cor-
responding to claim 1) is a voltage controlled oscillator
for controlling the oscillation frequency of an output sig-
nal depending on an input voltage, being characterized
to receive a modulated voltage and output an FM signal
having a band including a fundamental oscillation fre-
quency and plural higher-order harmonic components
of said fundamental oscillation frequency.
[0011] The 2nd invention of the present invention(cor-
responding to claim 2) is a voltage controlled oscillator
in accordance with said 1st invention, wherein a fre-
quency band including only the predetermined higher-
order harmonic component is filtered at the output
stage.
[0012] The 3rd invention of the present invention (cor-
responding to claim 3) is an FM signal optical transmitter
comprising a signal processor for outputting an FM sig-
nal having a band including a fundamental oscillation
frequency and plural higher-order harmonic compo-
nents of said fundamental oscillation frequency, a band-
pass filter for taking out only the predetermined-order
harmonic signal component from said FM signal output
from said signal processor, a frequency converter for
shifting the taken-out harmonic signal component to the
lower frequency side or the higher frequency side, and
an electric/optic converter for converting the output sig-
nal of said frequency converter into an optical signal.
[0013] The 4thinvention of the present invention (cor-
responding to claim 4) is an FM signal optical transmitter
comprising a signal processor for outputting an FM sig-
nal having a band including a fundamental oscillation
frequency and plural higher-order harmonic compo-
nents of said fundamental oscillation frequency, a band-
pass filter for taking out only the predetermined-order
harmonic signal component from said FM signal output
from said signal processor, a frequency multiplier that
directly multiplies the taken-out harmonic signal compo-
nent or shifts said harmonic signal component to the
lower frequency side or the higher frequency side and
then multiplies the shifted signal, and an electric/optic
converter that directly converts the frequency-multiplied
signal into an optical signal or shifts said frequency-mul-
tiplied signal to the lower frequency side or the higher
frequency side and then converts the shifted signal into
an optical signal, wherein

the modulation degree of said frequency-multi-
plied signal is raised to a predetermined modulation de-
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gree at the time of multiplication.

[0014] The 5th invention of the present invention (cor-
responding to claim 5) is an FM signal optical transmitter
in accordance with said 3rd or 4th inventions, wherein
said signal processor for outputting said FM signal is a
voltage controlled oscillator in accordance with said 1st
or 2nd inventions, and said modulated voltage is formed
of plural subcarrier-multiplexed signals.

[0015] The 6thinvention of the present invention (cor-
responding to claim 6) is an FM signal optical transmitter
in accordance with said 3rd invention, wherein a prede-
termined harmonic carrier wave component is extracted
from some harmonic components at the output of said
signal processor, and the extracted harmonic carrier
wave component is used as a reference frequency
source required when frequency conversion is carried
by said frequency converter.

[0016] The 7thinvention of the present invention (cor-
responding to claim 7) is an FM signal optical transmitter
in accordance with said 4th invention, wherein said fre-
quency shifting is carried out by a frequency converter,
a predetermined harmonic carrier wave component is
extracted from some harmonic components at the out-
put of said signal processor, and the extracted harmonic
carrier wave component is used as a reference frequen-
cy source required when frequency conversion is car-
ried by said frequency converter.

[0017] The 8th invention of the present invention (cor-
responding to claim 8) is an FM signal optical receiver
comprising an optic/electric converter that receives an
optical signal transmitted from said FM signal optical
transmitter in accordance with any one of said 3rd to 7th
inventions and converts said optical signal into an elec-
tric signal, and an FM demodulator for demodulating an
FM signal converted into said electric signal.

[0018] The 9thinvention of the present invention (cor-
responding to claim 9) is an FM signal optical transmis-
sion system comprising said FM signal optical transmit-
ter in accordance with any one of said 3rd to 7th inven-
tions, an optic/electric converter that receives an optical
signal transmitted from said FM signal optical transmit-
ter and converts said optical signal into an electric sig-
nal, and an FM demodulator for demodulating an FM
signal converted into said electric signal.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019]

FIG. 1 is a view showing the configuration of an FM
signal optical transmission system in accordance
with a first embodiment of the present invention.
FIG. 2 (a) is a view showing an example of AM sig-
nals to be transmitted in accordance with the
present invention; and FIG. 2 (b) is a spectral view
showing an FM signal after passing a voltage con-
trolled oscillator.

FIG. 3 is a view showing the configuration of an FM
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signal optical transmission system in accordance
with a second embodiment of the present invention.
FIG. 4 (a) is a view illustrating the multiplication of
an FM signal in accordance with the second em-
bodiment; and FIG. 4 (b) is a view illustrating the
function of frequency shifting.

FIG. 5 is a view showing the configuration of an FM
signal optical transmission system in accordance
with a third embodiment of the present invention.
FIG. 6 is a view showing the configuration of a con-
ventional FM signal optical transmission system.

Description of Symbols

[0020]

1, 61 transmitter

2 FM converter

3,63 electric/optic converter
4 voltage controlled oscillator.
56 band-pass filter

7,11 frequency converter

8 wideband amplifier

9, 41 semiconductor laser
10 frequency multiplier
12,72  optical fiber

13,73  receiver

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0021] The present invention will be described below
referring to the drawings showing the embodiments
thereof.

[0022] Generally, an FM modulator is used to convert
AM signals into an FM signal and comprises a voltage
controlled oscillator and a phase modulator. The FM sig-
nal may be synthesized indirectly from the AM signals
or phase-modulated signals instead of direct conversion
into the FM signal.

[0023] A semiconductor laser is used as an electric/
optic converter. In the present invention, it is possible to
use a long-wavelength InP-based laser having a wave-
length of 1.2 to 1.6um, a semiconductor laser having a
wavelength of 0.98um, a GaAlAs-based laser having an
oscillation wavelength of 0.78 um and the like for exam-
ple.

[0024] Furthermore, in the present invention, an ordi-
nary optical fiber is used as an optical fiber. For this op-
tical fiber, an ordinary fiber having a core diameter of
about 10 to 300um is available for example. Both multi-
mode and single-mode optical fibers can be used.
[0025] A frequency converter converts a frequency to
a higher-frequency side or a lower-frequency side by us-
ing the frequency mixing action of a non-linear circuit
device, just like a frequency multiplier.
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(First embodiment)

[0026] FIG. 1 is a view showing the configuration of
an FM signal optical transmission system in accordance
with a first embodiment of the present invention. Refer-
ring to FIG. 1, the present optical transmission system
comprises a transmitter 1 and a receiver 13. The trans-
mitter 1 is provided with an FM converter 2 comprising
a voltage controlled oscillator 4, a band-pass filter 5 and
a frequency converter 7, and an electric/optic converter
3 comprising a wideband amplifier 8 and a semiconduc-
tor laser 9. In addition, the receiver 13 is provided with
an optic/electric converter 15 comprising a photo-detec-
tor (PD) 16 and a preamplifier 17, and an FM demodu-
lator 14 comprising a limiter amplifier 50, a branching
device 51, a delay circuit 52, a mixer 53 and a low-pass
filter 54. An optical signal from the transmitter 1 is trans-
mitted via an optical fiber 12 and input to the receiver
13. The transmitter 1 corresponds to the FM signal op-
tical transmitter of the present invention. This also ap-
plies to the following embodiments in the same way.
[0027] Next, the operation of the FM signal optical
transmission system in accordance with the above-
mentioned first embodiment will be described below re-
ferring to the drawings.

[0028] FIG. 2 is a conceptual view showing signal
spectra and illustrating the operation of the optical trans-
mission system in accordance with the present embod-
iment.

[0029] The above-mentioned voltage controlled oscil-
lator 4 may be an oscillator comprising a varactor or a
reactance transistor, or a digital oscillator comprising a
multivibrator.

[0030] It may be possible to generate a narrow-band
FM signal by using a balanced modulator after AM sig-
nals are integrated once and phase-modulated.

[0031] For example, such AM signals 20, i.e., multi-
channel, subcarrier-multiplexed video signals, as
shown in FIG. 2 (a) are converted into an FM-converted
signal 200 shown in FIG. 2 (b) by this voltage controlled
oscillator 4. This FM-converted signal 200 is obtained
when an FM signal 201 for each channel of the multi-
channel, subcarrier-multiplexed video signals, centered
at the fundamental carrier frequency fO of the voltage
controlled oscillator 4, undergoes narrow-band FM
modulation having a low degree of modulation to the ex-
tent that sidebands other than first sidebands 22 and 23
do not appear significantly. Therefore, as shown in FIG.
2 (b), it is characterized that the first sidebands 22 and
23 of the fundamental carrier wave component appear
at regions each being f1 away from the FM carrier wave
21 (frequency f0), and at the same time the harmonic
spectra 202 and 203 (frequencies 2f0, 3f0, ...) of the fun-
damental carrier wave are also output simultaneously.
[0032] In addition, in this case, it may be possible to
say that a high-order harmonic component (nth-order
harmonic component, n: an integer (n=2), for example)
output from the output stage of the voltage controlled
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oscillator 4 and selected by the band-pass filter 5 has a
fundamental oscillation frequency and an input fluctua-
tion voltage level not overlapping the (n - 1) th-order and
(n + 1) th-order harmonic components on the frequency
axis each other

[0033] This FM signal 200 is input to the band-pass
filter 5 having a frequency selection characteristic 251
centered at the third harmonic frequency 3f0 shown in
FIG. 2 (b), and this third harmonic spectrum 203 is se-
lected and taken out as an output. In the present em-
bodiment, a band-pass filter for passing the third har-
monic is taken as an example of the band-pass filter 5;
however, the order of the harmonic to be selected is not
limited to this; any order may be selected depending on
the output level and a desired degree of modulation of
the harmonic from the voltage controlled oscillator 4.
This third-order harmonic spectrum 203 has a degree
of modulation three times as high as that of the FM sig-
nal 201. This third-order harmonic signal is down-con-
verted by the frequency converter 7 such as a mixer to
the lower-frequency side, i. e. , into a band wherein op-
tical transmission is possible. This FM signal having an
increased degree of modulation is converted into an op-
tical signal by the semiconductor laser 9 via the wide-
band amplifier 8, input to the optical fiber 12, and trans-
mitted. The optical signal transmitted by the optical fiber
12 is input to the receiver 13.

[0034] The optical signal input to the receiver 13 is
converted into an electric signal by the optic/electric
converter 15 provided with the photo-detector 16 formed
of a photo-detecting device, such as a photodiode or an
avalanche photodiode, and the preamplifier 17, ampli-
fied to have a desired signal intensity, and demodulated
into the original AM signals 31 by the FM demodulator
14. Although the FM demodulator 14 can have one of
several configurations, a delay line type having excel-
lent linearity in a wideband or a pulse count type is de-
sirable. In the present embodiment, the delay line type
is described, which comprises the branching device 51,
the mixer 53 and the delay circuit 52. The mixer 53 may
be formed of a wideband balance-type mixer. Further-
more, as shown in FIG. 1, the limiter amplifier 50 for level
adjustment may be connected at the front stage of the
branching device 51, and the low-pass filter 54 maybe
connected at the rear stage of the mixer 53 as necessary
in the FM demodulator 14. The FM demodulator 14 is
not limited to the above-mentioned configuration but
may be formed of a circuit having a frequency discrimi-
nation function, such as a double-tuning frequency dis-
criminator, a Foster-Seeley discriminator, a ratio detec-
tor or the like.

[0035] Either the upper sideband or the lower side-
band of the FM signal converted by the transmitter 1
may be transmitted. In the case when one sideband is
transmitted, it is possible to reproduce the original FM-
converted signal by passing the sideband through the
limiter amplifier 50 at the receiver 13.

[0036] With the above-mentioned configuration, volt-
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age fluctuation having been set at a small FM modula-
tion degree is FM-modulated by using a voltage control-
led oscillator, and the FM modulation degree is in-
creased by not taking out the fundamental carrier wave
component but by taking out its harmonic components
to obtain an FM-converted signal having a desired FM
modulation degree, whereby multi-channel, subcarrier-
multiplexed AM signals can be converted into an FM sig-
nal as a whole by signal processing by using an electric
circuit having a simple configuration, and the signal can
be made suited for the optical transmission band by
shifting the harmonic component of the signal to the low-
er frequency side.

(Second embodiment)

[0037] FIG. 3 is a view showing the configurations of
the transmitter 1 and the receiver 13 of an FM signal
optical transmission system in accordance with a sec-
ond embodiment of the present invention. This embod-
iment differs from the first embodiment shown in FIG. 1
in that a frequency multiplier 10 and a frequency con-
verter 11 are provided after a frequency converter 7. The
components represented in the figure by the same nu-
merals are the same as those shown in FIG. 1. The re-
ceiver 13 is the same as that of the first embodiment,
and its explanation is omitted.

[0038] With this configuration, in addition to the ef-
fects of the first embodiment, and with respect to the FM
modulation degree of the harmonic component from the
voltage controlled oscillator 4, in the case when the FM
modulation degree of a higher-order harmonic compo-
nent is not a desired FM modulation degree due to the
input/output stage band or the like of the voltage con-
trolled oscillator 4, an FM-converted signal 61 including
a carrier wave (herein, fO for convenience) is N-multi-
plied (N: integer) by the frequency multiplier 10 as
shown in FIG. 4 (a), whereby a multiplied signal 36 is
obtained and the FM modulation degree is increased
and the desired modulation degree can be obtained;
next, the N-multiplied signal 36 is shifted by the frequen-
cy converter 11 to the lower frequency side as shown in
FIG. 4 (b), whereby an FM signal 37 having an optical
transmittable band can be obtained. A band-pass filter
may be inserted as necessary at the rear stage of the
frequency multiplier 10 or the frequency converter 11 to
carry out spurious suppression.

(Third embodiment)

[0039] FIG. 5 is a view showing the configuration of
an FM signal optical transmission system in accordance
with a third embodiment of the present invention. This
embodiment differs from the first embodiment (FIG. 1)
of the present invention in that a band-pass filter 6 is
provided at the output of the voltage controlled oscillator
4 in parallel with the band-pass filter 5, whereby a
branched signal from the voltage controlled oscillator 4
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is input to the band-pass filter 6, and its output signal is
input to a frequency converter 18. Unlike the band-pass
filter 5, the band-pass filter 6 has a narrow-band-pass
characteristic of selecting only the harmonic frequency
portion of the fundamental carrier frequency fO in the FM
signal 200 (see FIG. 2) from the voltage controlled os-
cillator 4. In the case of a second-order harmonic for
example, the band-pass filter 6 selects a second-order
harmonic spectrum 202 not including sideband compo-
nents 25 and 26. This second-order harmonic spectrum
202 is used as the local oscillation source of the frequen-
cy converter 18.

[0040] With this configuration, a local oscillation
source individually required for the frequency converter
becomes unnecessary, and it is possible to have a con-
figuration wherein the harmonic components of the volt-
age controlled oscillator can be used effectively. In the
present embodiment, the band-pass filter 6 used to se-
lect the second-order harmonic is taken as an example;
however, without being limited to this, it may be possible
to have a characteristic wherein a higher-order harmon-
ic around the local oscillation frequency required for car-
rying out shifting to the optical transmission band is se-
lected.

[0041] As described above, the present invention typ-
ically relates to an FM signal optical transmitter for con-
verting multi-channel AM signals into an FM signal, and
also relates to an FM signal optical transmission system
including the FM signal optical transmitter, wherein plu-
ral subcarrier-multiplexed signals are narrow-band-FM-
modulated by a voltage controlled oscillator including
the fundamental carrier wave and higher-order harmon-
ics as the output, and the FM carrier wave component
of the higher-order harmonics of the fundamental carrier
wave is selectively taken out by a band-rejection filter,
shifted to the lower frequency side by a frequency con-
verter, converted into an optical signal and transmitted.
[0042] The subcarrier-multiplexed signals of the
present invention are not limited to AM signals; the sig-
nals may be any given modulated signals, such as
phase-modulated, FM-modulated or digitally modulated
signals.

[0043] In addition, in the case of an embodiment
wherein the frequency is multiplied by a frequency mul-
tiplier, the shifting is carried out to the lower frequency
side before multiplication in the above-mentioned em-
bodiment; however, if optical processing is possible, the
shifting may be carried out to the higher frequency side.
Alternatively, if optical processing is possible, the shift-
ing may not be carried out.

[0044] Furthermore, although the shifting is carried
out to the lower frequency side after multiplication, if op-
tical processing is possible, the shifting may be carried
out to the higher frequency side. Alternatively, if optical
processing is possible, the shifting may not be carried
out.

[0045] As clarified by the above-mentioned descrip-
tions, in the present invention, plural subcarrier-multi-
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plexed signals are narrow-band-FM-modulated by a
voltage controlled oscillator including the fundamental
carrier wave and higher-order harmonics as the output,
and the FM carrier wave component of the higher-order
harmonics of the fundamental carrier wave is selectively
taken out by a band-rejection filter, shifted to the lower
frequency side by a frequency converter, converted into
an optical signal and transmitted, whereby an FM signal
capable of being transmitted via an optical fiber can be
generated by using a simple configuration, thereby hav-
ing the advantages of excellent stability and reliability
and low cost.

Claims

1. Avoltage controlled oscillator for controlling the os-
cillation frequency of an output signal depending on
an input voltage, being characterized to receive a
modulated voltage and output, by using any one of
a varactor, a reactance transistor and a digital os-
cillator with a multivibrator, an FM signal having a
band including a fundamental oscillation frequency
and plural higher-order harmonic components of
said fundamental oscillation frequency.

2. A voltage controlled oscillator in accordance with
claim 1, wherein a frequency band including only
the predetermined higher-order harmonic compo-
nent is filtered at the output stage.
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